The solution of sets of non-linear partial differential equations using the method of integral relations is considered. Emphasis is laid on the derivation of a general N-strip approximation algorithm. In order to check the applicability of this algorithm a program has been written to obtain the solution of the flow field around a circular cone at incidence in supersonic flow. Using the method of Stone, the angle of attack has been taken into account up to the second order. Thus a comparison can be made with the results given by Kopal.
Introduction
In many instances interesting fysical phenomena are governed by sets of partial differential equations, which are non linear and have complicated boundary conditions, often involving an in advance unknown geometrical boundary of the region of interest. In most cases an analytical solution is out of the question, but even a numerical solution by means of finite difference methods is hard to achieve in the case of an unknown boundary and would normally require a rather complicated and unwieldy iteration scheme to find this boundary as part of the solution.
By Dorodnitsyn a method was proposed for solving such problems approximately for those cases in which the partial differential equations can be written as a system of divergence expressions [1] . This so-called method of integral relations e.g. transforms a two-dimensional problem into a set of ordinary differential equations, by dividing the region of interest into a number of strips and by assuming a certain behaviour of the vector and scalar fields involved. , The size ofthis set depends on the number of strips.An essential feature is that a priori unknown boundaries can be included quite naturally into the analysis. Since a number of methods is available for solving systems of ordinary differential equations, an approximation can be found in this way. In many problems on fluid flow the flow quantities such as pressure and velocity may show strong variations throughout the flow field, whereas the components of the vector fields involved in the divergence ~ ressions are much more smooth. This then probably is the reason for some rather sensational successes when applying the method with only one or two strips to problems that otherwise are much harder to solve. References [1M] give a number of examples on the various applications. The results can be improved when using more strips, say three or four as has been shown by Belotserkovskii and Chuskin [3] and [4] . However, it appears that this improvement is obtained at the cost of solving a system of equations rapidly increasing in size and complexity. This complexity, which is mainly due to the vast number of algebraic manipulations, already becomes practically prohibitive for five strips.
Nevertheless, the method is one of the very few known today for the direct solution of nonlinear problems. Naturally the search therefore is to present it in a form which eliminates or reduces its complexity, so that it would become possible to compute general N-strip approxi-mations. Although of course, once such a scheme would be aciaieved the necessity arises to consider the convergence and the consistence of the method for N going to infinity, these questions will be left aside for the time being, at least their theoretical aspects.
The model problem which will be analyzed here, namely the flow around a circular cone at an angle of attack, has been the subject of a large number of papers (see e.g. [5] [6] [7] [8] [9] ). As such it gives a fine base for comparison.
It will be shown that it is possible in this case to present an algorithm for the general N-strip approximation by using matrix calculus. The resulting system of ordinary differential equations will be simplified further, by reducing it to a system of algebraic equations, by using a method due to Stone [6] . In this way the results can be compared directly to the tables calculated by K opal [7] , [10] and [ 11] . The peculiar aspects involved in this approach i.e. the neglect of the vortical layer will be discussed in the paper.
The first part of the paper is devoted to a brief description of the method of integral relations and its application to the equations for conical flow. The emphasis lies on the formulation of the general N-strip scheme.
The second part is devoted to the evaluation of the systems of algebraic equations which result when applying the method of Stone. Three terms in the Stone series will be considered.
The third part gives a thorough discussion of the results. Four examples are calculated with up to ten strips.
Description of the Method of Integral Relations
In many cases the partial differential equations of physics and mechanics can be written as a system of generalized continuity equations, i.e. given a number of vector fields V~ and scalar fields Si, each V~ can be considered as the velocity field of an incompressible medium with unit density and Si as a corresponding source distribution. Hence V.V~= S~ i= 1 ... n (2.1)
The components of the vector fields and the scalar fields will usually depend on the independent and dependent variables. In the two-dimensional case, which will be considered henceforth, the system (2.1) becomes
where Pi and Q~ are the components of V~. Let it be necessary to find for a given set of boundary conditions a solution of this system in a region bounded by x = a, x = b, y= 6o(X) and y = fiN(x) where the quantities 6o(X) and 6N(x) may be unknown a priori, but are part of the solution.
Assuming that such a solution exists, this is constructed approximately by using the method of integral relations, as follows. The region is divided in N strips as indicated in Fig. 1 and it is assumed that the behaviour of OP~/c~x and S~ as a function of y and for a certain x can be represented by a set of(N + 1) functions, which means for example 
